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(57) Abstract: The present invention is directed to N-acetyl-D-glucosamine obtained from microbial biomass. and to methods of ob- 
^ taining N-acetyl-D-glucosamine from microbial biomass. In particular, the present invention is directed to the use of fungal biomass 
^ to create N-acetyl-D-glucosamine. The N-acetyl-D-glucosamine is efficiently obtained at high purity by degrading chitin in the fim- 
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N-Acetyl-D-Glucosamioe and Process for Producing N-Acetyl-D-Glucosamine 

Field of the Invention 

The present invention is directed to N-Acetyl-D-Glucosamine and methods 
5 of making N-Acetyl-D-Glucosamine. 

Background 

Chitin is a natural polysaccharide present in various marine and terrestrial 
organisms, including Crustacea, insects, moUusks, and inicroorganisms, such las 
1 0 fungi. The structure of chitin is that of an unbranched polymer of 2*acetoamido-2- 
deoxy-D-glucose (also known as poly (N*acetyl-D-glucosamine)), and can be 
represented by the general repeating structure: 



CH,OH 



H M 




15 

Chitin is typically an amorphous solid that is largely insoluble in water, 
dilute acids, and alkali. Although chitin has many uses, it can also be degraded to 
form other useful materials, such as carbohydrates, one of which is the amino sugar 
N-acetyl-D-glucosamine (NAG). N-acetyl-D-glucosamine typically includes a 
20 single glucosamine unit, but can also include small amounts of short oligomers, such 
as chitobiose or chitotriose, that have two and three glucosamine units, respectively. 
N-acetyl-D-glucosamine can be used for various applications, including as a food 
additive and in pharmaceutical compositions. 

The most common source of chitin for use in making N-acetyl-D- 
25 glucosamine is shellfish (such as shrimp) biomass. Unfortunately, limitations exist 
with the recovery of N-acetyl-D-glucosamine from shellfish biomass. One problem 
with recovering N-acetyl-D-glucosamine from shellfish is that it is very difficult to 

1 
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obtain uniform shellfish biomass. The uniformity problems occur in part because 
shellfish often vary by size, age, and species; are grown under varied environmental 
conditions; and are gathered &om diverse locations. This lack of uniformity makes 
it difficult to precisely process shellfish biomass. In addition, some quality control 
S issues can arise due to the fact that N-acetyUD-glucosamine obtained fiom Crustacea 
can have a high ash content and can contain heavy metals that are concentrated in 
the Crustacea firom their aquatic environment. A fiulher problem with N^acetyl-D- 
glucosamine derived fix>m harvested cmstacea is that it has the potential to include 
undesired proteins and allergens. 
1 0 Therefore, a need exists for an improved N-acetyl*D-glucosamine material 

that is obtained utilizing a non-shellfish chitin source. 

Summary of the Invention 

The present invention is directed to N-acetyl-D-glucosamine obtained &om 

1 S microbial biomass, and to methods of obtaining N-acetyl-D-glucosamine firom 
microbial biomass. In particular, the present invention is directed to the use of 
fimgal biomass to obtain N-acetyl-D-glucosamine. The N-acetyl-D-glucosamine is 
efficiently obtained at high purity by degradmg chitin in the biomass to create N- 
acetyl-D-glucosamine. 

20 The fungal biomass generally contains a significant amount of glucan 

intermixed with the chitin. Glucan is a high molecular weight polymer of glucose 
and is derived firom the cell wall of microbial biomass. Glucan can include linkages 
that are exclusively beta linkages, exclusively alpha linkages, or a mixture of alpha 
and beta linkages. The glucan components of the fungal biomass bind and 

25 immobilize the chitin materials, and generally make the chitin unavailable for 
efficient degradation into N-acetyl-D-glucosamine. The present invention 
overcomes the problems associated with the presence of glucan components by 
degrading the glucan sufficiently to gain chemical access to the chitin components, 
which are subsequently degraded to form N-acetyl-D-glucosamine. 

30 The methods of recovering N-acetyl-D-glucosamine generally include 

providing fungal biomass containing chitin and glucan; degrading at least a portion 
of the glucan; and degrading at least a portion of the chitin to produce N-acetyl-D- 
glucosamine. In one implementation of the invention the chitin and glucan are 



2 



wo 03/013435 



PCT/US02/2S121 



enzymatically degraded, while in other implementations the chitin and glucan are 
chemically degraded. 

The biomass used to form the N-acetyl-D-glucosamine of the invention 
typically is a fungal biomass that has at least S weight percent chitin and at least S 
S weight percent glucan on a dry basis before degradation, and even more typically 
has at least 15 weight percent chitin and SO weight percent glucan on a dry basis 
before degradation. Various fungal biomass sources can be used, including fungal 
biomass derived from Aspergillus sp., Penicillium sp., Absidium sp., Lactarius sp., 
Mucor sp.. Saccharomyces sp., Candida sp. or combinations thereof As used 

10 herein, "sp." refers to either singular "specie" or plural "species". Suitable specific 
microbial biomasses include, without limitation, Aspergillus niger, Aspergillus 
terreus, Aspergillus oryzae, Lactarius vellereus, Mucor rouxii, Penicillium 
chrysogenum, Penicillium notatum, Saccharomyces cerevisiae; and in particular, 
Candida guillermondi, Aspergillus niger, and Aspergillus terreus. Generally the 

1 5 biomass is recovered from a conmiercial fermentation reaction, including the 
commercial production of organic acids, such as citric acid and itaconic acid. As 
use herein, the term microbial when used to describe the fungal biomass source does 
not include phyto-plankton and crustaceans or mollusks, which differ significantly in 
composition and properties from fungal biomass. 

20 In one implementation of the invention the chitin and glucan components of 

the fungal biomass are degraded by enzymes. The enzymes are typically 
microorganism-derived. The enzymes can be added to the fungal biomass in the 
presence of the microorganisms from which they are derived, which has the 
advantage of avoiding the step of separating the enzymes from their source 

25 organisms. Inclusion of the source microorganisms can also be advantageous in 
implementations where the microorganisms continue to create enzymes afl^ having 
been added to the fungal biomass. In other implementations the enzymes are 
separated from their source microorganisms (such as by filtration or centrifiigation) 
and subsequently added to the fungal biomass. 

30 Suitable enzymes for degradmg the chitin and glucan include chitinases, p- 

N-acetyl-glucosaminidases, and glucanases. The enzymes are generally secreted 
from eucaryotic or prokaiyotic microorganisms. Suitable eucaiyotic organisms 
include those firom the Trichoderma genus, including, for example, Trichoderma 
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harizianum and Trichoderma reeseL Suitable prokaryotic organisms include those 
fix>m the Serratia genus, the Streptomyces genus, and the Nocardia genus. Example 
prokaryotic oiganisms include Serratia marcesens^ Streptomyces griseus^ and 
Nocardia orientalis. Glucanase enzymes are particularly advantageous in order to 
S degrade the glucan component of the fungal biomass. Thes|e glucanases should be 
present at relatively high concentrations in typical implementations of the invention. 

In general it is not necessary to subject the fungal biomass tq extensive 
physical or chemical pretreatments prior to processing to create N-acetyl*D- 
glucosamine. Thus, it is usually not necessary to grind the fungal biomass or to 

1 0 pretreat it with an organic solvent. Such steps are normally not required, but tfiey 
can optionally be performed in some implementations of the invCTtion. When 
enzymes are used to degrade the chitin and glucan, the degradation reaction is 
usually maintained at a pH of 4.0 to 6.0 and a temperature of 20"" to 4S^C. Higher 
temperatures are generally advantageous, but the temperatures must be low enough 

1 5 to keep the enzymes from degrading. 

Despite the high levels of glucan present in the fungal biomass, the resulting 
N-acetyl-D*glucosamine is generally of high purity. Typically the resulting N- 
acetyl*D-glucosamine makes up at least 85 percent of the chitin-derived 
caxbohydrates from the fungal biomass. 

20 The above summary of the present invention is not intended to describe each 

disclosed embodiment of the present invention. This is the purpose of the detailed 
description and claims that follow. 



Brief Description of the Drawings 
25 Other aspects and advantages will become syiparent upon reading the 

following detailed description and upon reference to the drawings in which: 

FIG. 1 is chart depicting N-acetyl-D-glucosamine production from fungal 
biomass using isolated enzymes to degrade the chitin and glucan. 

FIG. 2 is chart depicting N-acetyl-D-glucosamine production from fungal 
30 biomass using enzymes added in the presence of microorganisms to degrade the 
chitin and glucan. 

FIG. 3 is first chart depicting N-acetyl-D-glucosamine production from 
fungal biomass using chemical degradation of the chitin and glucan. 
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FIG. 4 is second chart depicting N-acetyl-D-glucosamine production from 
fungal biomass using chemical degradation of the chitin and glucan. 

FIG. 5 is third chart depicting N-acetyl-D-glucosamine production fiom 
fungal biomass using chemical degradation of the chitin and glucan. 
5 FIG. 6 is fourth chart depicting N«acetyl-D-glucosamine production from 

fungal biomass using chemical degradation of the chitin and glucari; ? 

While the disclosure is susceptible to various modifications and alternative 
forms, specifics are shown by way of example and are described in detail. It should 
be understood, howeveri that the intention is not to limit the disclosure to the 
1 0 particular embodiments described. On the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within the spirit and scope of the 
disclosure as defined by the appended claims. 

Detailed Description of the Invention 

1 S Specific aspects of the N*acetyl-D*glucosamine, biomass, and method of the 

invention are described below. The present invention is directed to N-acetyl-D- 
glucosamine obtained fipom microbial biomass, and to methods of obtaining N- 
acetyl-D-glucosamine fix)m microbial biomass. In particular, the present invention 
is directed to the use of fungal biomass to create N-acetyl-D-glucosamine. The 

20 fungal biomass generally contains a significant amount (at least 15%) of glucan 
intermixed with the chitin. 

The glucan components of the fungal biomass retain and immobilize the 
chitin materials, and generally make the chitin unavailable for easy degradation into 
N-acetyl-D-glucosamine. The retention and immobilization of the chitin is 

25 particularly problematic because it can interfere with rapid, efficient production of 
N-acetyl-D-glucosamine by either slowing down the production of N-acetyl-D- 
glucosamine or by requiring the use of harsh reaction conditions that break down the 
glucan but also simultaneously degrade the N-acetyl-D-glucosamine. Thus, it is 
necessary to degrade the glucan without losing an excessive amount of N-acetyl-D- 

30 glucosamine in the process. 

The present invention overcomes the problems associated with the presence 
of glucan components by degrading the glucan sufficiently to gain chemical access 
to the chitin components, which are subsequently degraded to form N-acetyl-D- 
glucosamine, without excessively degrading the N-acetyl-D-glucosamine that is 
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produced. As used herein, '^degradation** refers to sufficient change in the glucan to 
permit transforming the adjacent chitin into N-acetyl-D-glucosamine. 

The invention generally includes providing fungal biomass containing chitin 
and glucan, degrading at least a portion of the glucan, and degrading at least a 
5 portion ofthe chitin to produce N-acetyl*D-glucosamine. In one implementation of 
the invention the chitin and glucan are enzymatically degraded, while in other 
implementations the chitin and glucan are chemically degraded. 

Chitin-Containing Biomass 

1 0 The present invention is directed to N-acetyl-D-glucosamine recovered from 

microbial biomass, primarily fungal biomass, including yeast and filamentous fungi. 
The biomass used to form the N*acetyl-D-glucosamine of the imrention typically is a 
fungal biomass that has at least S weight percent chitin and at least S weight pax:ent 
glucan on a dry basis before degradation, and even more typically has at least IS 

IS weight percent chitin and SO weight percent glucan on a dry basis before 

degradation. Most of the fungal biomass has lS-20 wt.% chitin; about 60 wt.% 
glucan; lS-20 wt.% protein; and a small percentage of lipids, mannan, galactan, etc. 
The remaining unaccounted for materials can include nucleic acids, phosphatidic 
acid, and lipid substituents such as choline, ethanolamine, serine, and inositol. After 

20 the biomass is processed using the method of the invention, the composition is 
typically about 85 wt.% N-acetyl-D-glucosamine and 15 wt.% or less^ucan. 

Various fungal biomass sources can be used, including fungal biomass 
derived from Aspergillus sp., Penicillium sp., Mucor sp., Absidium sp., Lactarius 
sp, Saccharomyces sp., Candida sp. or combinations thereof. Suitable microbial 

25 biomasses include Aspergillus niger, Aspergillus terreus, Aspergillus oryzae, 

Lactarius vellereus, Mucor rouxii, Penicillium chrysogenum, Penicillium notatum, 
Saccharomyces cerevisiae; and in particular Candida guillermondi, Aspergillus 
niger, and Aspergillus terreus. Generally the biomass is recovered from a 
commercial fermentation reaction, including the commercial production of organic 

30 acids, such as citric acid or itaconic acid. Although it is possible to generate 

biomass solely for the purpose of obtaining N-acetyl-D-glucosamine, the biomass 
most often is a by-product of other production processes. For example, citric-acid 
fermentation facilities use fungi to create citric acid. Traditionally, the fungal 
biomass from citric-acid fermentation has been discarded or used as fuel, feed, or 
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fertilizer. The present invention allows extraction of high quality N-acetyl-D- 
glucosamine fiom this fungal biomass. 

Biomass suitable for use in the present invention includes most types of 
cMtin-^ntaining microbial biomass, and in particular fimgd biomass^ The 
5 invention is particularly well suited to uses where the chitin levels exceed S percent 
of the dry biomass weight. Such biomass usually has between i5 and 25 pttceiit 
chitin, and typically from 10 to 20 percent chitin, based upon dry wdght of the 
biomass. In order to prepare the highest quality N-acetyl-D-glucosamine, it is 
sometimes desirable that the microbial biomass be produced in a substantially 
1 0 controlled manner having relatively uniform temperature and nutrient levels during 
the growth of the biomass. 

Method of Obtaining N-acctyl-D-glucosamine from Chitin-Containing Fungal 
Biomass 

1 5 The present invention is also directed, in part, to improved methods of 

producing N-acetyl-D-glucosamine fiom chitin-containing biomass. In one 
implementation of the invention the chitin and glucan components of the fungal 
biomass are degraded by enzymes. The enzymes are typically microorganism* 
derived. The enzymes may be added to the fungal biomass in the presence of the 

20 microoi:ganisms fix)m which they are derived, which has the advantages of avoiding 
the step of separating the enzymes from their source organisms. Inclusion of the 
source microorganisms can also be advantageous in implementations where the 
microorganisms continue to create enzymes after having been added to the fungal 
biomass. In other inq^lementations the enzymes are separated fix)m tiieir source 

25 microorganisms (such as by filtration or centrifugation) and subsequently added to 
the fungal biomass. 

Suitable enzymes for degrading the chitin and glucan include chitinases, P-n- 
acetyl-glucosaminidases, and glucanases. The enzymes are typically secreted &om a 
eucaryotic microorganism, such as an organism firom the Trichoderma genus, 

30 including, for example, Trichoderma harizianum and Trichoderma reesei. 

In general it is not necessary to subject the fungal biomass to extensive 
physical or chemical pretreatments prior to processing to create N-acetyl-D- 
glucosamine. Thus, it usually is not necessary to grind the fungal biomass or to 
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pretreat it with an organic solvent. Although such steps are nonnally not required, 
they can optionally be performed in some implementations of the invmtipn. When 
enzymes are used to degrade the chitin and glucan, the degradation reaction is 
usually maintained at a pH of 4.0 to 6.0 and a temperature of 20^ to 45^. 
S In alternative implementations of the invention N*acetyl-D-glucosamine is 

formed by chemical degradation of the chitin and glucan components'of <fungal 
biomass. Generally the chemical degradation can be performed by hydrblysis using 
a strong acid, such as hydrochloric acid. The processing temperature and volume of 
acid added to the fungal biomass should be selected such that it is great enough to 
1 0 produce N-acetyl-I>glucosamine without degrading the N-acety UD*glucosamine 
produced. 

Higher temperatures and acid concentrations correspond to better N-acetyl* 
D-glucosamine production, but when temperatures and acid concentration get too 
high the N-acetyl-D-glucosamine that is produced can be simultaneously destroyed. 

1 S Therefore, the temperature and acid concentration must be high enough to 
sufficiently degrade the chitin and glucan to produce N-acetyl-D-glucosamine, 
without being so high that the N-acetyl-D-glucosamine is destroyed. Suitable 
reaction conditions include, for example, approximately 20 percent HCl at 60^C. 
Other suitable ranges of reaction conditions include fiom about 10 to 36 percent 

20 HCl, even more typically I S to 36 percent HCl. Suitable temperatures include fiom 
about 20"" to lOO^'C, more typically firom about 40"" to SO^'C 

N-acetyl-D-glucosamine 

Despite the high levels of glucan present in the biomass, typically the 

25 resulting N-acetyl-D-glucosamine makes up at least 85 percent of the chitin-derived 
carbohydrates fiom the fungal biomass. Generally the N-acetyl-D-glucosamine 
composition contains a total of less than 15 weight percent glucan and glucan 
derivatives. These other glucan derivatives include, for example, glucose, maltose, 
and other glucose-based oligosaccharides. 

30 The improved N-acetyl-D-glucosamine can be advantageously used in 

various ^plications. These applications include phamiaceuticals, general medical 
uses, nutritional and dietary products, and various other industrial and consumer 
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products and processes. Various other applications and uses for the N-acetyl-D- 
glucosamine are also appropriate. 

Example Methods of Obtaining N-acetvl-D-iducosamme 
5 The following examples are provided to illustrate methods of making N- 

acetyl-D-glucosamine from fungal biomass. In the first example N-acetyl-D* 
glucosamine is formed using purified or isolated enzymes, in the second example N- 
acetyl-D-glucosamine is formed using a mixture of enzymes and enzyme producing 
organisms, and in the third example, N-acetyl-D-glucosamine is, formed using a 
10 strong acid. 

L N-acetyl'D'glucosamine produced using isolated enzymes 

In this first example N-acetyl-D-glucosamine was produced using 
Aspergillus niger fimgal biomass generated fiom citric acid production. Enzymes 

IS isolated by filtering or centrifiiging fsom their microbial sources (J. harzianum or T. 
reesei) were used to degrade the fimgal biomass. 

The fimgal biomass source was prepared by pretreating with a number of 
reagents to degrade proteins and other contaminants, as well as to initiate 
degradation of the chitin and glucan. Specifically, 100 grams of citric acid biomass 

20 was added to a liter beaker. The 100 grams of Aspergillus niger biomass was used 
as it was received from a citric acid production facility. The biomass contained 
about IS to 20 percent dry solids at the time of measurement. Therefore 
approximately IS to 20 grams of mycelial citric acid biomass was used on a dry 
weight basis to a flask to contain one lit^ of media. 

2S About one liter of water was added to the biomass. To this the following 

were added in the given order while mixing with a magnetic stirrer between 20^ and 
40^C. 2.79 grams of ammonium sulfate ((NH4)2S04) and 2.0 grams of 
monopotasium phosphate (KH2PO4), IS. 14 grams of sodium dihydrogen phosphate 
dihydrate (NaH2P04 * 2 H2O), 0.3 grams of magnesium sulfate heptahydrate (MgS04 

30 - 7 H2O), 19.94 grams of citric acid, 1.0 grams of peptone, and 0.S9 grams of urea. 
Small amounts of additional ingredients were added, including O.OOS grams of iron 
sulfate heptahydrate (FeS04 * 7 H2O), 0.016 grams of manganese sulfiite 
monohydrate (MnS04 * H2O), 0.014 grams of zinc sulfate heptahydrate (ZnS04 * 
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7H2O), and 0-02 grams of calcium chloride dihydrate (CaCh • 2H2O). While 
continuing to mix the solution, the pH of the media was adjusted to 5.5 with drop- 
wise additions of 50 percent potassium hydroxide (KOH). The media was divided 
into 120 ml quantities in 500 ml baffled flasks, and then sterilized. 
5 Conunercial enzymes were subsequently added to the pretreated fungal 

biomass upon sufficient cooling of the media. The consistency of the enzymes 
available commercially varies in reference to the unit activity. The following 
enzymes were used and aseptically transferred to the substrate: 

Enzyme 1 : Sigma L-1412 Lysing enzyme, containing 140 units per gram of 

1 0 chitinase, 0.728 units per gram of protease, and 1 .54 units per gram of ceUulase. 0. 1 
grams was added to the treatment tube, equivalent to 14 units of chitinase, 0.073 
units of protease, and 0.154 units of cellulase; 

Enzyme 2 : Sigma C-6137 Chitinase enzyme, containing fix>m 200 to 600 
units per gram of chitinase (where one unit will liberate 1 .0 mg of N-acetyl-D- 

1 5 glucosamine fix>m chitin per hour at a pH of 6.0 and a temperature of 25®C in 
combination with P-N-acetyl glucosaminidase (also known as N-acetyl-D- 
glucosaminease) in a 2 hour assay). 0.001 grams of the enzyme was added to the 
treatment tube, equivalent to approximately 200 units of chitinase. 

Enzyme 3 : Sigma A-3 1 89 p-N-acetyl glucosaminidase, containing fix)m 50 

20 to 150 units per milligram divided between 0.5% P-galactosidase and P-xylosidase 
and 2% alpha-galactosamine. Thus, one unit will hydrolyze 1.0 micromole of p- 
nitrophenyl N-acetyl-P-D-glucosaminide per minute at a pH of 4 at 25^ to liberate 
terminal p-linked N*acetyl glucosamine and N-acetyl galactosamine from various 
substrates. Approximately five units of the p-N-acetyl glucosaminidase was added 

25 in the amount of a 0. 1 ml solution to the treatment tube. 

The lysing enzyme and the chitinase enzyme were hydrated with 0. 1 
milliliter of cold reagent buffer before being added to the 8.3 ml substrate (citric 
biomass media) tube at 25^C. All transfers of the buffer to the enzyme and enzyme 
to the substrate tube were done in an aseptic manner to decrease the possibility of 

30 aiibome contamination. The reagent was a potassium phosphate buffer including 
the following: 200 mM potassium phosphate (2.72 grams per 100 milliliter), 2 mM 
calcium chloride (0.029 grams per 100 milliliter), dilute to 100 ml with de-ionized 
H2O and adjust the pH to 6.0 using IM KOH. The buffer was autoclaved and stored 
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at room temperature. Upon use for hydration, the buffer was chilled and kept on ice 
until used for hydration. 

The N-acetyl-D-glucosaminidase was added directly to the reaction tube 
without mixing the buffer because it was already in a suspended form. Upon 
S addition of the enzymes to the substrate tube, the tubes were immediately transfened 
into a glass beaker, which was placed in a 28^C shaking water bath (at 180 rpm). 

Samples were taken from the tube at 24 hours, 72 hours, and 96 hours by 
collecting approximately 1.5 milliliters of the sample, which was filtered undiluted 
with a 0.45 micrometer filter, and immediately analyzed for N-acetyl*D- 
1 0 glucosamine on a high pressure liquid chromatograph. The lysing enzyme alone and 
a combination of the chitinase and N-acetyl-D-glucosaminidase were used as the 
two treatments on the citric biomass media. The combination of the two enzymes 
resulted in 4.04 g/L N-acetyl-D-glucosamine at 72 hours (as shown in Table 1 and 
FIG. 1). 

15 TABLE 1 



Hours 


N-acetyl-D-glucosamine 

(g/L) 


24 


1.85 


72 


4.04 


96 


4.04 



n. N-acetyl-D-glucosamine produced using Trichoderma harzianum and 
Trichoderma reesei. 

100 grams of citric biomass (containing about 1 5 to 20 percent by weight dry 
20 biomass) was placed in a 1 liter container. The pH of the biomass was adjusted to 
pH 5.5 with KOH, and sterilized in 120 ml amounts in 500 ml baffled flasks. The 
following ingredients were then added to the citric acid biomass in the following 
order while mixing with a magnetic stirrer: 2.79 grams of (NH4)2S04, 2.0 grams of 
KH2PO4, 15.14 grams of NaH2P04 • 2 H20, 0.3 grams of MgS04 • 7 H20, 19.94 
25 grams of citric acid, 1 .0 grams of peptone, 0.59 grams of urea, 0.005 ^ams of 

FeS04 • 7 H20, 0.016 grams of MnS04 • H20, 0.014 grams of ZnS04 • 7H2O, and 0.02 



03/01343S 



PCT/US02/2S121 



grams of CaCb * 2H2O. While mixing, the pH was adjusted to pH S.S with dropwise 
additions of SO percent KOH, and sterilized in 120 ml amounts in 500 ml baffled 
flasks. 

Upon cooling, the flasks were inoculated with 2 ml of Trichoderma 
S hanianum and Trichoderma reesei (ATCC 66589) from a PDA slant hydrated with 
1% Tween or a phosphate buffer used to hydrate the Trichoderma spores. The slants 
were hydrated with either Tween or buffer for approximately 5 minutes at room 
temperature prior to aseptically dispensing 2 ml of the hydrated spores into the 120 
ml of media. The flasks were incubated at 28^C in a rotary shaker at 1 80 rpm for 
10 216 hours prior to transfer into the biomass. During this incubation period samples 
were taken every 24-48 hours for analysis of N-acetyl*D-glucosamine production. 
The example achieved 0. 19 g/L at 212 hours in the first trial and achieved 0.22 g/L 
at 212 hours in the second trial as shown in Table 2 and FIG. 2. 



TABLE 2 



Hours 


N-acetyl-D-glucosamine 
(g/L) from T. hanianum 


N-acetyl-D-glucosamine 
(g/L) from r. rees^ 


72 


0.08 


0.03 


96 


0.04 


0.08 


120 


0.08 


0.15 


172 


0.15 


0.18 


196 


0.16 


0.14 


212 


0.19 


0.22 



15 

m. N-acetyl-D-glucosamine produced using hydrochloric acid 

This example used chemical hydrolysis to produce N-acetyl-D*glucosamine 
firom citric acid biomass {Aspergillus niger). Approximately 500 grams of biomass 
that had been previously treated with 2 percent sodium hydroxide (to remove 
20 proteins) was placed in a three-neck reactor flask. Hydrochloric acid and deionized 
water was added to adjust the acid concentration and biomass concentration to a 
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desired value. The reactor was subsequently heated to 60^ to 90®C, and samples 
drawn at 30 minute intervals for 6 to 7 hours. These samples were immediately 
analyzed for N-acetyl-D-glucosamine and glucosamine using a high pressure liquid 
chromatograph. 

S The results indicate that N-acetyl-D-glucosamine formation was favored 

under the conditions of 20 percent hydrochloric acid and 60^C. At these conditions 
up to 6.42 grams of N-acetyl-D-glucosamine were observed. It may also be seen 
that N-acetyl*D-glucosamine is kinetically favored due to the much lower rate of N- 
acetyl-D"glucosamine disappearance in the reactor vessel under these conditions 

10 compared to those at 90 ^C. Low hydrochloric acid levels (2 percent) showed little 
or no N-acetyl-D-glucosamine formation at 60** and 90®C. 

As indicated below in Table 3 and in FIG. 3, significant N-acetyl-D* 
glucosamine formation occurred at 20 % HCl and 60^C. 



TABLES 



Hours 


N>acetyl-I>-glucosamine 
(g/L) 


0 


0 


0.5 


4.34 


1.0 


6.42 


1.5 


4.94 


2.0 


4.23 


2.5 


3.86 


3.0 


3.32 


3.5 


3.39 


4.0 


2.73 


4.5 


2.33 
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A$ indicated below in Table 4 and in FIG. 4, there was significant rapid 
production of N-acetyl-D-glucosamine from a mixture containing 20 % HCI at 
90**C, but this N-acetyi-D-glucosamine rq)idly degraded and was lost from the 
solution. 

S TABLE 4 



Hours 


N-acetyl^D-glucosaniine 
(SfL) 


0 


3.73 


0.5 


0.32 


1.0 


0.16 


1.5 


0.13 


2.0 


0.14 


2.5 


0.11 


3.0 


0.11 


3.5 


0.12 


4.0 


0.05 


4.5 


0.09 



As indicated below in Table 5 and in FIG. 5, no significant amounts of N- 
acetyl'D-glucosamine were formed with 2 % HCI solutions at 60^0. 
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TABLES 



ffotirs 


N-iicetvl*Do9lo cos&Riliie 
(g/L) 


0 


0.01 


0.5 


0.02 


l.O 


0.02 


1.5 


0.0 


2.0 


0.11 


2.5 


0.01 



As indicated below in Table 6 and in FIG. 6, no significant amounts of N« 
5 acetyl-D-glucosamine were formed with 2 % HCl solutions at 90°C. 

TABLE 6 



Hours 


N>acetyl-D-glucosaiiiIne 


0 


0.05 


0.5 


0.05 


1.0 


0.17 


1.5 


0.27 


2.0 


0.2 



The above specification, examples and data provide a description of the 

compositions and methods of the invention. Since many embodiments of the 

1 0 invention can be made without departing fiom the spirit and scope of the invention, 

the invention resides in the following claims. 
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Wc claim: 

1 . A method of producing N-acetyl-D-glucosamine from fungal biomass, the 
method comprising: 

a* providing fungal biomass containing chitin and glucan; 
5 b. degrading at least a portion ofthe glucan; and 

b. degrading at least a portion of the chitin to produce N-acetyl-D- 
glucosamine. 

2. The method of producing N-acetyl-D-glucosamine according to claim 1 , 
1 0 further comprising: 

providing enzymes selected to degrade chitin and glucan; 
wherein at least a portion of the chitin and glucan are degraded by the 
enzymes. 

15 3. The method of producing N-acetyl-D-glucosamine according to claim 1, 
wherein at least a portion of the chitin and a portion of the glucan are chemically 
degraded. 

4. The mediod of producing N*acetyl-D-glucosamine according to claim 1, 
20 wherein the fungal biomass before being degraded has at least S weight percent 

chitin and at least S weight percent glucan on a dry basis. 

5. The method of producing N-acetyl-D-glucosamine according to claim 1, 
wherein the fungal biomass before being degraded has at least 15 weight percent 

25 chitin and 50 weight percent glucan on a dry basis. 

6. The method of producing N-acetyl-D-glucosamine according to claim 1 , 
wherein the resulting N-acetyl-D-glucosamine comprises at least 85 percent of all 
carbohydrates derived from the fungal biomass. 

30 

7. The method of producing N-acetyl-D*glucosamine according to claim 1, 
wherein at least 10 percent of the chitin is degraded to produce N-acetyl-D- 
glucosamine. 
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8. The method of producing N-acetyl*D-gIucosamine according to claim !• 
wherein at least 50 percent of the glucan is degraded. 

9. The method of producing N-acetyl-D-glucosamine according to claim 1 , 

S wherein the fungal biomass is derived finom Aspergillus sp., Penicillium sp., Mucor 
sp., Absidium sp., Lactarius sp., Saccharomyces sp., Candida sp. or combinations 
thereof. 

1 0. The method of producing N-acetyl-D-glucosamine according to claim 1 , 
10 wherein the fungal biomass contains at least 1 part glucan per part chitin. 

11. The method of producing N-acetyl-D-glucosamine according to claim h 
wherein the enzymes are derived fiom microorganisms, and the enzymes are added 
to the fungal biomass in the presence of the microorganisms. 

15 

1 2. The method of producing N*acetyl-D-glucosamine according to claim 1 , 
wherein the enzymes derived fiom microorganisms, and &e enzymes are added to 
the fungal biomass substantially in the absence of the microorganisms. 

20 13. The method of producing N-acetyl-D-glucosamine according to claim 1, 
wherein the fungal biomass is not significantly pretreated with organic solvent 
before being degraded. 

14. The method of producing N-acetyl-D-glucosamine according to claim 1, 
25 wherein the chitin and glucan are enzymatically degraded by a chitinase, a beta-n- 

acetyl-glucosaminidase, and a glucanase. 

15. The method of producing N-acetyl-D-glucosamine according to claim 14, 
wherein the enzymes are secreted from a eucaryotic microorganism. 

30 

16. The method of producing N-acetyl-D-glucosamine according to claim 15, 
wherein the eucaryotic microorganism is selected fiom a microorganism of the 
Trichoderma genus. 
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1 7. The method of producing N-acety 1-D-glucosamine according to claim 1 6» 
wherein the eucaryotic microorganism is selected from the group Trichoderma 
harizianum and Trichoderma reesei. 

5 1 8. The method of producing N-acetyl-D-glucosamine according to claim 1 » 
wherein the degradation occurs at a pH of 4.0 to 6.0 and a temperature of 20^ to 

19. N-acetyl-D-glucosamine formed according to the method of claim 1 . 

10 

20. A composition containing N-acetyl-D-glucosamine derived from fungal 
biomass, wherein the N*acetyl-D-gIucosamine comprises at least 85 percent of all 
carbohydrates in the composition derived from fungal biomass. 

IS 21. The composition according to claim 20, wherein the composition contains 
less than 1 S weight percent glucan and glucan derivatives. 

22. The composition according to claim 20, wherein the fungal biomass is 
derived from Aspergillus sp., Penicillium sp., Absidium sp., Lactarius sp., Mucor 
20 sp., Saccharomyces sp., Candida sp. or combinations thereof. 
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FIG.1 
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FIG. 2 




(HOURS) 

— ^ N-acetyl-D-glucosamine (g/L) from T. harzianum 
- a- N-acetyl-D-glucosamine (g/L) from T. reesei 



wo 03/013435 PCT/US02/2S121 

3/6 



FIG. 3 
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FIG. 4 
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FIG. 5 
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